Background The purpose of this study was to determine the relationship between combined poor lifestyle factors and metabolic syndrome (MetS) in Korean men. Results A total of 1408 men aged 20-75 were included in this study. Approximately one-third of the 30-49 age group had !3 combined poor lifestyle factors. Compared with those with no poor lifestyle factors, the ORs for MetS were 3.57 (95% CI 1.16-11.02), 3.62 (95% CI 1.18-11.08) and 6.31 (95% CI 2.08-19.26) in subjects with one, two and three or more poor lifestyle factors, respectively. When current smoking, high-risk alcohol use and low physical activity were concurrently present, the ORs for MetS, hyperglycemia, and hypertriglyceridemia were 14.32 (95% CI 3.64-56.30), 4.49 (95% CI 1.62-12.40), and 5.07 (95% CI 2.18-11.81), respectively.
Introduction
Metabolic syndrome (MetS) is a constellation of metabolic abnormalities associated with insulin resistance that includes central obesity, elevated blood levels of glucose and lipids, and hypertension. 1 People with MetS have a 5-fold greater risk of developing type 2 diabetes 2 and have an increased risk of cardiovascular morbidity and mortality 3,4 as well as certain type of cancers. 5, 6 The prime goal in the management of MetS is to modify the underlying risk factors through lifestyle changes. 7 -9 Intensive lifestyle modification improves the metabolic risk factors by reducing blood pressure (BP), lowering triglycerides and raising HDL-cholesterol levels, and improving heart rate variability. 10 An overall poor lifestyle that incorporates more than one risk factor may be considerably more harmful for MetS than any single factor. A recent study of the combined effects of alcohol and smoking as well as concurrent use of alcohol (!1 drink/day) and tobacco found that these factors increased hypertriglyceridemia.
11 Furthermore, alcohol consumption of more than two drinks per day increased BP, with the strongest association in heavy smokers. the impact of specific combination patterns of poor lifestyle factors on MetS is nearly unknown. The purpose of our study was to investigate how combinations of poor lifestyle factors, such as smoking, alcohol consumption, low physical activity and dietary patterns, are related to MetS in Korean men.
Materials and methods

Study population
Data for this study were drawn from the population-based, cross-sectional study of the Korean National Health and Nutrition Examination Survey (KNHANES) 2010, which was conducted by the Korea Centers for Disease Control and Prevention (KCDC). 12 The methods have already been detailed in previous articles. 13, 14 The survey was approved by the institutional review board of the KCDC. A stratified, multistage, probability sampling design was used with selections made from sampling units based on sex, age group and geographical area using household registries. A total of 8958 people participated in this study, and the response rate was 81.9%. From these participants, we selected 2771 men between the age of 20 and 75 years. We excluded subjects with missing data for blood tests (n ¼ 215) or questionnaires on lifestyle factors (n ¼ 345) and those with previously diagnosed, chronic, debilitating diseases or malignancy (n ¼ 56). Subjects using anti-hypertensive agents (n ¼ 468), anti-diabetic medications (n ¼ 173) and lipid-lowering agents (n ¼ 195) were also excluded. Therefore, a total of 1408 men were included in our study.
Measurement of variables
Demographic data, socioeconomic variables, family history and past medical history were obtained through direct interviews using standardized questionnaires. Household income was evaluated according to the gross monthly household income per square root of family members. Educational level was classified into four categories (elementary school or less, middle school, high school, and college or higher). Family history considered the history of hypertension, dyslipidemia and diabetes in first-degree relatives.
Data on physical activity, dietary intake, smoking status, alcohol intake and sleep duration were self-reported. Regarding physical activity, participants were asked questions adapted from the International Physical Activity Questionnaire short form (IPAQ-SF), 15, 16 which assessed physical activity according to the time spent walking and/or performing vigorous and moderate intensity activity during a typical week. After aggregating time and intensity, total physical activity was classified as vigorous (!3000 MET-min), moderate (600-3000 MET-min) or low (,600 MET-min). Dietary intake was assessed by the 24-h dietary recall method with the condition that all participants report on their usual diet. Nutrient analysis was quantified using a computerized program. Smoking status was divided into three categories: current smoker, ex-smoker and never-smoker. Alcohol consumption was assessed by the drinking behavior during the year prior to the survey, which asked about the average frequency and amount of alcohol ingested during a typical day. The amount of alcohol was estimated using a standard drink for beer, spirits or soju; soju is a Korean traditional spirit that is commonly used to estimate a standard drink. The average amount and number of alcoholic beverages consumed was converted into the amount of pure alcohol consumed per day. Sleep duration was self-reported and assessed using a question about hours of sleep per night.
Identification of poor lifestyle factors
Lifestyle factors consisted of the following four components: smoking status, alcohol consumption, physical activity and dietary patterns. We gave one point for each poor lifestyle factor in a dichotomous manner and then summed these points. This approach yielded scores that ranged from 0 to 4 according to the number of poor lifestyle factors. Current smoking and alcohol use over an average of 20 g per day was defined as a poor habit. 17 The definition of low physical activity was adapted from IPAQ category 1 (low) in which no activity is reported or some activity is reported but not enough to meet an equivalent of 30 min of at least moderate intensity physical activity on .3 days per week between leisure and work time. Poor dietary patterns were defined as one or more of the following components: total calorie intake exceeding 25% of the recommended daily allowance, fat intake exceeding 30% of the total number of calories, carbohydrate intake exceeding 75% of the total daily calories and/or sodium intake exceeding 30% of the average daily intake of Koreans. 18 
Measurement and definition of metabolic risk factors
Anthropometric measurements were taken using standardized methods. Height was measured to the nearest 0.1 cm with the subject standing. Body weight was measured to the nearest 0.1 kg with the subject wearing lightweight clothes. Body mass index (BMI) was calculated as [weight (kg)]/[height (m)] . Waist circumference (WC) was measured to the nearest 0.1 cm at the narrowest point between the lowest rib and the uppermost lateral border of the right iliac crest. BP was measured using a mercury manometer after a 10-min rest in the sitting position. It was recorded three times and averaged for analysis. Plasma glucose and lipid profiles were collected after LIFESTYLE FACTORS AND METABOLIC SYNDROME 10 -12 h of fasting using a Hitachi 747 auto-analyzer (Hitachi, Tokyo, Japan).
MetS was based on the definition of the joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention in 2009. 1 It was defined as three or more of the following five components: abdominal obesity based on population/country-specific definitions (WC ! 90 cm); 19 elevated BP (systolic !130 and/or diastolic !85 mmHg); hyperglycemia (fasting plasma glucose !100 mg/dl); hypertriglyceridemia (triglycerides !150 mg/dl) and low HDL-cholesterol (HDL-cholesterol , 40 mg/dl).
Statistical analysis
All data were analyzed by taking into account the sample weights and complex sample design of the survey. Age and anthropometric or metabolic parameters are presented as means and standard error (SE). The prevalence of MetS, each component of MetS, poor lifestyle factors and combined poor lifestyle factors are presented as percentages (SE). Multivariate logistic regression analyses were fitted to calculate the odds ratios (ORs) and 95% CIs for MetS adjusted for age, education, income, family history of hypertension, diabetes and dyslipidemia, and sleep duration. Age, income and sleep duration were used as metric variables. Education and family history of hypertension, diabetes, and dyslipidemia were used as categorical variables. Statistical significance was established at a two-tailed P , 0.05 level. Analyses were performed using SPSS 21.0 software.
Results
Basic characteristics of the study participants
The general characteristics of the study participants are presented in Table 1 . The mean age was 41.1 years, and the mean BMI and WC were 23.9 kg/m 2 and 84.6 cm, respectively. The overall prevalence of MetS was 11.8%. The prevalences of individual components of MetS were 21.3% for abdominal obesity, 29.3% for elevated BP, 22.7% for hyperglycemia, 35.9% for hypertriglyceridemia and 17.3% for low HDL-cholesterol. The percentages of current smoking, high-risk alcohol use, low physical activity and poor dietary habits were 49.0, 37.7, 48.2, and 63.5%, respectively. The percentages of subjects exhibiting none, one, two, three and four of the abovementioned poor lifestyle factors were 5.7, 27.8, 36.0, 23.6, and 7.0%, respectively.
Age-specific prevalence of combined poor lifestyle factors and MetS Figure 1 shows the proportions of study participants that exhibited three or more poor lifestyle factors and MetS according to the age group. The percentages of subjects exhibiting three or more poor lifestyle factors were 30.0% in the 30 -39 and 40 -49 age groups, 16.2% in the 50-59 age group and 5.7% in the 60-69 age group. The prevalences of MetS were 5.8, 10.1, 16.5, 16.2 and 14.6% in the 30-39, 40-49, 50-59 and 60-69 age groups, respectively. high-risk alcohol use, low physical activity, and poor dietary habits.
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Odds ratios for MetS and its individual components according to the number of poor lifestyle factors Table 2 shows the ORs and 95% CIs for MetS and individual components according to the number of poor lifestyle factors. Compared with subjects exhibiting no poor lifestyle factors, the ORs for MetS increased as the number of poor lifestyle factors increased (P for trend 0.002), with the OR for MetS 6-fold higher in subjects with more than three poor lifestyle behaviors. Among individual components of MetS, the ORs for hyperglycemia and hypertriglyceridemia increased significantly in subjects exhibiting two or three or more poor lifestyle factors. In particular, the OR for hypertriglyceridemia increased as the number of poor lifestyle factors increased with a dose -response relationship (P for trend , 0.001).
Adjusted ORs for MetS and individual components according to the combination patterns of poor lifestyle factors
The adjusted ORs for MetS and individual components according to the combination patterns of poor lifestyle factors are presented in Table 3 . Compared with subjects with no poor lifestyle factors, the ORs for MetS and individual components were analyzed according to one, two and three poor lifestyle factors and by considering specific combinations of poor lifestyle factors. Subjects exhibiting smoking and highrisk alcohol use showed increased ORs for hypertriglyceridemia and hyperglycemia, respectively. When high-risk alcohol use and low physical activity were combined, the ORs for hypertriglyceridemia, hyperglycemia and MetS increased. When high-risk alcohol use and low physical activity were combined, the ORs for hypertriglyceridemia, hyperglycemia and MetS increased. When high-risk alcohol use and poor dietary habits were combined, the ORs for hyperglycemia and MetS increased. Subjects reporting any combination of three poor behaviors showed increased ORs for MetS. When smoking, high-risk alcohol use and low physical activity were combined, the ORs for MetS were 14-fold higher. In addition, the OR for hyperglycemia and hypertriglyceridemia was 4-to 5-fold higher in subject with those three combined poor behaviors. When smoking, high-risk alcohol use and poor dietary habits were combined, the ORs for MetS and hypertriglyceridemia both increased. When smoking, low physical activity and poor dietary habits were combined, the OR for MetS was 4-to 5-fold higher. When there was high-risk alcohol use, low physical activity and poor dietary habits, the ORs for MetS, hyperglycemia and hypertriglyceridemia increased .8-, 5-and 3-fold, respectively.
Discussion Main finding of this study
Our study demonstrated that the ORs of MetS increased as the number of poor lifestyle factors increased, suggesting that a constellation of factors rather than a single factor is associated with higher risks of MetS in Korean men. Poor lifestyle factors co-exist in approximately two-thirds of Korean men. Moreover, one-third of adult men in the 30-49 age group had more than three combined poor lifestyle factors. Compared with individuals exhibiting no poor lifestyle factors, those who exhibited three or more poor lifestyle factors had an 6.3-fold risk of MetS. Of the components of MetS, hyperglycemia and hypertriglyceridemia were most strongly associated with combined poor lifestyle factors. In particular, hypertriglyceridemia was associated with the number of poor lifestyle factors in a dose-response relationship. All four combination patterns of three poor lifestyle factors were associated with increased ORs for MetS. Notably, when current smoking, high-risk alcohol use and low physical activity were combined, the OR for MetS was 14-fold higher.
What is already known on this topic?
Previous studies revealed that each unhealthy lifestyle factor increased the risk for MetS. Smoking was associated with MetS in a multi-ethnic study 20 and was also seen to increase cardiovascular risks. 21, 22 Similar to previous studies, subjects in the present study with only the smoking factor had an increased OR for MetS compared with patients with no poor lifestyle factors. Observational studies showed inconsistent relationships between alcohol consumption and MetS. 23 -25 In our study, high-risk alcohol consumption increased the OR for MetS. Physical inactivity was associated with MetS, LIFESTYLE FACTORS AND METABOLIC SYNDROME and increased physical activity can delay the onset of MetS. 27 Similar results were shown in our study. In previous studies, dietary factors, particularly fat and energy intake, were strongly and positively associated with weight gain, insulin resistance and MetS. 28, 29 However, unlike other poor lifestyle behaviors, poor dietary habits were not associated with MetS in our study. This difference could be due to differences in dietary habits according to ethnicity and culture.
Although little is known about the combined effects of poor lifestyle factors on MetS, a recent study determined the combined effects of smoking and alcohol consumption on MetS. 11 This study revealed that current smokers who consume alcohol (!1 drink/day) had an increased risk of hypertriglyceridemia and that current smokers had higher triglyceride levels, especially those who consumed more than two drinks per day. Additionally, alcohol consumption of more than two drinks per day increased BP, with the strongest association in heavy smokers.
11
What this study adds?
Combinations of poor lifestyle factors could have a worse effect on the development of MetS, but specific combination patterns of poor lifestyle factors have generally not been reported. The combination of current smoking, high-risk alcohol use and low physical activity showed the highest OR for MetS among the four possible combinations of three concurrent poor lifestyles.
Given that dietary patterns differ among ethnicities, we defined one or more of the following dietary patterns as poor dietary habits: high-calorie intake, high-fat intake, highcarbohydrate intake and high-sodium intake. We included a high-carbohydrate diet as a poor dietary pattern, because a highcarbohydrate diet has been associated with hyperglycemia, 30 -32 hypertriglyceridemia and low HDL-cholesterol, 33, 34 and MetS. 35 In addition, a high-sodium diet is related to not only elevated BP, 36, 37 but also to central area obesity. 38, 39 Korean people generally consume carbohydrate-dominant Bold fonts indicate P , 0.05. Poor lifestyle factors consisted of current smoking, high-risk alcohol use, low physical activity and poor dietary habits.
Adjusted ORs were calculated using a multivariate logistic regression model after adjusting for age, income, educational level, average sleep duration and family history of hypertension/diabetes/dyslipidemia using sample weights and a complex sample design. The P-value was calculated using a logistic regression model with sample weights and a complex sample design. b Compared with subjects exhibiting no poor lifestyle factors, adjusted ORs were calculated using a multivariate logistic regression model after adjusting for age, monthly income, educational level, average sleep duration and family history of hypertension/diabetes/dyslipidemia using sample weights and a complex sample design.
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meals as well as excess sodium. 18 Dietary guidelines for the prevention of MetS need to be developed that consider ethnic backgrounds and population-and country-specific characteristics.
In our current study, poor lifestyle factors were seen to co-exist in approximately two-thirds of Korean men. The 30 -49 age group exhibited more undesirable lifestyle factors than those over 50. Korean men tend to be exposed to many poor lifestyle factors during their working life, which typically begins in their 30s after they finish their education and military service. They have frequent, work-related dinners with high-calorie diets and a large amount of alcohol. Additionally, they smoke and have little time to exercise. As poor lifestyle factors are certainly modifiable, public health programs designed to improve lifestyle factors should be reinforced in target populations showing combinations of poor lifestyle factors. The low rate of combined poor lifestyle factors in the older age group might be due to the fact that some of them had already modified their lifestyle and adopted a healthier lifestyle due to their cardiovascular risk factors. On the other hand, the proportion of elderly people in this study with poor lifestyle factors may have been reduced due to premature mortality.
Limitations of this study
This study had several limitations. First, we could not prove causal relationships because of the cross-sectional design, and there was the possibility of a reverse causation bias. Second, we could not exclude the possibility of misclassification of lifestyle factors due to recall bias and random errors in interviewing. In particular, poor lifestyle habits tend to be underreported and the diurnal variations in dietary intake assessed by a single 24-h recall method may be wide, even though participants were requested to report on their usual diet. Some misclassification and dichotomization of lifestyle factors are likely to lead to underestimation of the true magnitude of the associations. The prevalence of MetS would also be underestimated, because we excluded subjects using anti-hypertensive agents, anti-diabetic medications and lipid-lowering agents. However, subjects who are already diseased may have altered their unhealthy behaviors and adopted better lifestyles. Therefore, by excluding those subjects, the association between MetS and lifestyle factors could be evaluated more precisely. Finally, we did not include sleep as a poor lifestyle factor in the analysis, even though sleep is associated with MetS in several studies. 40, 41 However, the optimal sleep duration in Korean adults remains to be determined. We adjusted for sleep variables in the analysis, although residual confounding by unmeasured or inadequately measured factors may still exist.
Conclusion
In summary, our study shows that the ORs for MetS increased as the number of poor lifestyle factors increased in a graded fashion in Korean men. Our findings further support the beneficial impact of combinations of healthy lifestyle behaviors on the primary prevention of MetS. Public health policy should strongly focus on such lifestyle modifications. Improvements to lifestyle factors in target populations could have substantial public health benefits.
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